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Summary
A trial with nine wormwood accessions was installed to carry out 
a systematic evaluation of intraspecific diversity. Six morphological 
features, essential oil (EO) yield and thujone content were measured. 
Besides, 11 RAPD and 15 ISSR molecular markers were tested to 
determine the genetic diversity of the accessions. The experiment was 
carried out in open field in 2016.
Accession “Pákozd” exhibited largest growth (64.9 cm) and genotype 
“Norwegen” was the smallest (29.9 cm). This latter accession had 
also the smallest but thickest leaves. Concerning morphological 
features, the Norwegian population was the most homogenous one 
(CV%: 10.6-20.1) while “Belgin” brought about largest variability 
(CV%: 18.4-45.3). 
Based on EO yield, the studied accessions were divided into three 
significantly diverse groups. The highest yield was produced by 
“Spanish” accession (3.215 ml/100 g), “Norwegen” and “Belgien” 
produced medium values (1.569-1.892 ml/100 g) and six accessions 
showed EO yields below 1% (0.349-0.832 ml/100 g). Three acces-
sions (“Leipzig”, “Belgien” and “Norwegen”) had high amount of 
thujone in the oil (50-89%) while in all other accessions thujones 
were absent or present only below 1%. “Belgien” accession had 
balanced ratio of α- and β-thujones while in the other ones β-thujone 
was the absolute main component.
High polymorphism was found among the wormwood accessions 
also by molecular markers: 81.15% for RAPD and 73.10% for ISSR 
primers. Based on the Nei’s genetic distances the three groups of 
genotypes were identical to those in the case of EO yield. 
The study confirmed the large intraspecific variability of wormwood 
but revealed that it is not definitely connected to geographical origin 
of the populations.
Abbreviations: EMA-HMPC: European Medicines Agency – Com-
mittee on Herbal Medicinal Products; CV: Coefficient of Variation; 
DNA: Deoxyribonucleic Acid; ISSR: Inter simple Sequence Repeat; 
RAPD: Random Amplified Polymorphic DNA; EO: Essential oil
Keywords: essential oil, leaf shape, thujone; RADP; ISSR; DNA; 
morphology.
Introduction
Artemisia absinthium (Compositae) is a perennial herb, growing 
to 40-150 cm in height (Maw, ThoMas and sTaheviTch, 1985) 
and developing abundantly branching shoots. Wormwood oil has 
been used for centuries as anthelmintic, anticold, anti-inflammatoy, 
antimicrobial, antidepressant, digestive, carminative, choleretic drug, 
curing insect and spider bites, herpes and parasitic worm infections 
(Guarrera, 2005; Goud and swaMy, 2015). The indications of 
EMA-HMPC (2009) monograph include temporary loss of appetite 
and gastro-intestinal disorders.
The species exhibit a very large intraspecific variability concerning 
its morphological traits and active ingredients. Systematic research 
is, however, rather scarce on this aspect, except references on 
essential oil composition. Studies on morphological and anatomical 
features of the genus detected significant marker characteristics of 
selected species within the genus. Thus, haGhiGhi and co-workers 
(2014) used seven morphological characters such as leaf type, leaf 
colour on adaxial and abaxial surfaces, attachment of capitalism, 
etc. to differenciate 15 species including A. absinthium. Other in- 
vestigations focused on leaf anatomy as important qualitative feature 
in classification of this species (MehroTra et al., 1990; Nazar and 
MahMood, 2011). Noorbakhsh and co-workers (2008) described 
13 leaf characteristics in 28 species of Artemisia but they had no 
stable relationship with taxonomy.
The most important active constituents of the herb are volatile com-
pounds and bitter substances. The major volatile components of worm-
wood are thujone, myrcene, sabinene, trans- and cis-epoxyocimene, 
trans-verbenol, carvone, sabinyl acetate and chrysanthenyl acetate. 
However, numerous studies have shown that Artemisia absinthium 
displays significant intraspecific variation in the terpenic constituents 
and the spectrum is varying from region to region (basTa et al 2007; 
MohaMMadi et al., 2015). Quantitative evaluation of phytochemi-
cal diversity of wormwood populations from different natural geo-
graphic areas supports the existence of distinct natural chemotypes 
within the species. Wormwood is usually known and reported to be 
rich in bicyclic monoterpene thujone (JuTeau et al., 2003; Meschler 
and howleTT, 1999). The presence and concentration of both iso-
meric forms α- and β-thujones in the oil were described by several 
authors. NiN et al. (1995) and JuTeau et al. (2003) defined characte- 
ristic “pure” thujone chemotype while on the other side, absence of 
thujones in wormwood oil was reported also several times by orav 
and co-workers (2006), carNaT et al. (1992), ariño et al. (1999c) 
etc. Because of restricted concentration of thujones in food products 
(EU Council Directive, 1988), these thujone-free chemotypes might 
raise considerable attention.
Molecular markers have only exceptionally been used for studying 
intraspecific variability and relationship of accessions of this genus 
and especially of this species. RAPD investigations in Artemisia 
annua were performed in India already 17 years before (saNGwaN 
et al., 1999). Nazar and MahMood (2011) established the genetic 
diversity of some collected Artemisia species including A. absinthium 
in Pakistan, using RAPD markers as well. Application of ISSR 
analysis has been used for A. herba-alba in Tunisia to detect genetic 
polymorphism within this species. According to our knowledge, the 
combination of both RAPD and ISSR markers for revealing genetic 
variability of A. absinthium has not been published yet.
Wild growing plants assure rich resources for optimising the 
botanical raw material for diverse utilization areas. Optimisation of 
the raw material, however, presumes the thorough knowledge on the 
genotypes used in breeding programs and production. The objective 
of our study was the comparison and better recognition of 9 genetic 
stock accessions originating from different European regions. The 
populations were grown under uniform environmental conditions in 
Hungary and evaluated by morphological, chemical and genetic tools.
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Materials and methods
Plant material and cultivation 
Plant material for the study included gene bank collections, market 
items and seeds collected from wild habitats (Tab. 1). Propagation 
was carried out by seed sowing in March 2016 and seedling raising 
in greenhouse for 2 months. The seedling with 5-6 leaves were 
planted into open field plots in June, installing three replicates at the 
Experimental Station of Szent István University in Budapest. The 
soil is sandy-loam, pH 7.8, humus content is low. The plants were 
grown without additional fertilization; mechanical weed control and 
irrigation were assured in dry periods. Measurements and sampling 
were carried out at the beginning of August at vegetative stage. 10 in- 
dividuals from each accession were randomly chosen to evaluate 
harvest. Details of the measurements are described below.
The oils were collected, stored in an airtight vial and kept in a 
refrigerator at 4 °C until the analysis took place.
Gas chromatography
The GC analyses were carried out using an Agilent Technologies 
6890N instrument equipped with HP-5 and HP-5MS capillary 
columns (5% phenyl, 95% dimethyl polysiloxane, length: 30 m, 
film thickness: 0.25 mm, id. 0.25 mm), programed as follows: initial 
temperature 60 °C, then by a rate of 3 °C/min up to 240 °C; the final 
temperature was kept for 5 min; injector and detector temperature: 
250 °C; carrier gas: helium (constant flow rate: 1 mL/min); split ratio: 
30:1.
Mass spectrometric analysis 
GC-MS analyses were carried out using an Agilent Technologies 
6890N GC equipped with an Agilent Technologies MS 5975 inert 
mass selective detector and an ionization energy of 70 eV. The MS 
were recorded in full scan mode that revealed the total ion current 
(TIC) chromatograms. α- and β-Thujone content were identified by 
linear retention indices that were calculated using the generalized 
equation of vaN deN dool and dec. kraTz (1963) by using NIST 
MS Search 2.0 library and Adams mass spectra library (P. adaMs, 
2007). 
DNA isolation  
Young leaves from 10-15 plants of each accession were collected 
and ground in liquid nitrogen to a fine powder. Genomic DNA 
was extracted from fresh leaves by a DN easy Plant Mini Kit 
(Qiagen, BioScience, Hungary). The concentration and quality of 
extracted DNA from each accession were assessed using NanoDrop 
(BioScience, Hungary) and visually checked on 1.5% agarose gel. 
Out of the primarily screened 13 RAPD and 15 ISSR primers only 
11 RAPD and all the 15 ISSR primers produced clear, reproducible 
and scorable bands, thus the investigations have been carried out by 
these ones. Their sequences are presented in Tab. 2.
RAPD and ISSR amplification 
The PCR reaction was performed in a 12 ml volume containing 
the reaction buffer (approximately 15-25 ng genomic DNA, 1 mM 
primer (for RAPD) or 2mM primer (for ISSR), 6 ml of 2× GoTaq Hot 
Start Green Master Mix (Promega), 3 mM MgCl2 and nuclease free 
Tab. 1:  List of the investigated A. absinthium accessions
 Accession Origin of population
 No. Sign 
 1 Belgien Accession of Gatersleben genebank 
   (collected in Belgium)
 2 Csór Wild collected population: Csór, Hungary
 3 English Market item from England 
   (‘Premier seeds direct’ company)
 4 Hungarian Market item from Hungary (‘Herbaria’ company)
 5 Leipzig Accession of Gatersleben genebank 
   (collected in Germany) 
 6 Norwegen Accession of Gatersleben genebank 
   (collected in Norway)
 7 Pákozd Wild collected population: Pákozd, Hungary
 8 Spanish Wild collected population: Teruel, Spain
 9 Wild Soroksár Wild collected population: Soroksár, Hungary
Morphological measurements
Six randomly selected individuals were chosen to collect seven leaves 
at the central part of the shoots from each of them. In total, 378 leaves 
of nine accessions were investigated at leaf rosette period. After 
collecting, the leaves were pressed and a herbarium was prepared 
following the techniques of dewolf (1968). The thickness (as mean 
of five target points on midway between the margins and midrib at 
the widest part of the leaf) was measured using a Digimatic Thickness 
Gauge equipment. The total length of the leaf and that of the blade 
were measured by vernier caliper at the herbarium specimens and the 
ratio between them has been calculated (Fig. 1).
Plant height (from ground level to tallest shoot) and width (mean 
of the widest diameters) were measured immediately before start of 
harvesting.
Essential oil extraction
After the morphological measurements, the shoots of each individual 
were cut at about five cm height above the soil surface. The plant 
material was dried at room temperature (20-25 °C) in shade for two 
weeks. Leaves were separated from stem parts and only the former 
ones were used for essential oil distillation.
Plant samples (g) were distilled in a Clevenger-type apparatus 
according to the method recommended by the VII. Hungarian 
Pharmacopoeia. Essential oils were extracted from 50 g dried leaves 
of each accession by hydro-distillation (500 ml water) for 2.5 hours. 
!
Fig. 1:  Herbarium leaf of A. absinthium and devices for leaf measurements 
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water). PCR amplification was conducted in a SuperCycler SC-200 
thermocycler (Kyratec). The thermal cycle used for RAPD primers 
was 2 min at 95 °C followed by 35 cycles at 94 °C for 30 s; 1 min 
at specific annealing temperature (the optimal annealing temperature 
was determined for each individual primer); 1 min at 72 °C and final 
extension at 72 °C for 5 min. The program used for ISSR primers 
was 3 min at 95 °C followed by 35 cycles at 94 °C for 30 s; 45 s at 
specific annealing temperature; 45 s at 72 °C and final extension at 
72 °C for 5 min. 
Amplified DNA fragments were separated in a 1.5% agarose gel 
(SeaKem LE  Agarose, Lonza) at 100 V for 90-120 min in 1× Tris-
Acetate EDTA (TAE) buffer (pH 8.0) and stained by 1% (w/v) 
ethidium bromide. The PCR products were visualized under UV light 
by AlphaImager EP Imaging System (Cell Bioscience). The 100 bp 
ladder (Promega) was used as a molecular weight size marker.
Data analysis
SPSS version 22 was used to analyze the data. MANOVA test has been 
conducted for  evaluating the measured morphological characters of 
Tab. 2: The evaluated RAPD and ISSR primers
RAPD primer name Sequence Size of fragment Number of fragments
  (bp) 
A10 5’-GTGATCGCAG-3’ 1450-250 10
B10 5’-CTGCTGGGAC-3’ 1500-300 16
E3 5’-CCAGATGCAC-3’ 1000-250 11
M2 5’-ACAACGCCTC-3’ 1300-300 15
M3 5’-GGGGGATGAG-3’ 1300-300 14
OPA-02 5’-TGCCGAGCTG-3’ 1100-300 11
OP A20 5’-GTTGCGATCC-3’ 1500-400 6
OPB-11 5’-GTAGACCCGT-3’ 1200-300 10
OP G18 5’-GGCTCATGTG-3’ 1300-350 10
OP G13 5’-CTCTCCGCCA-3’ 1300-300 11
Seq-2 5’-GGGTTTAGGG-3’  1300-400 8
Total no. of bands (RADP)   122
Number of polymorphic loci   99
Percentage of polymorphic loci   81.15%
ISSR primer name Sequence Size of fragment Number of fragments 
   (bp) 
443 5’-ACACACACACACACACACT-3’ 1200-200 14
818 5’-CACACACACACACAG-3’ 1100-200 13
825 5’-ACACACACACACACACT-3’ 1300-200 16
849 5’-GTGTGTGTGTGTGTGTCG-3’ 1100-240 13
A7 5’-AGAGAGAGAGAGAGAGAGAGT-3’ 950-200 14
Caa5 5’- CAACAACAACAACAA-3’ 1100-200 11
CAg5 5’- CAGCAGCAGCAGCAG-3’ 1000-180 17
Ctc4rc 5’-CTCCTCCTCCTCRC-3’ 1000-230 16
Issr1 5’-CACACACACACACACAGT-3’ 1500-150 14
Issr2 5’-GAGAGAGAGAGAGAGAG-3’ 900-220 12
Issr3 5’-GTGTGTGTGTGTGTGTC-3’ 850-300 12
Issr4 5’-ACACACACACACACACTG-3’ 1500-250 12
Issr5 5’-AGTGAGTGAGTGAGTG-3’ 1300-120 17
Issr6 5’-GATAGATAGATAGATAGATA-3’ 1100-250 8
Issr7 5’-TCTTCTTCTTCTTCTTCT-3’ 1500-530 7
Total no. of bands (ISSR)   196
Number of polymorphic loci   144
Percentage of polymorphic loci   73.10%
Total no. of bands (RADP+ISSR)   318
Number of polymorphic loci   243
Percentage of polymorphic loci   76.18%
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the leaves. One-way analysis of variance (ANOVA) and Tukey’s HSD 
post hoc test were carried out to analyze the significant differences of 
EO content of the nine accessions. Homogeneity of variances was 
checked by Levene’s test and the normality of variances was checked 
by Kolmogorov-Smirnov method. In case of violated homogeneity of 
variances, Games-Howell was used in post hoc test to determine the 
significant difference between accessions.
Amplified DNA fragments with reproducible bands of each locus 
were scrored as binary present (1) or absent (0) and data matrices of 
RADP and ISSR loci were assembled for further analysis. The results 
were summarized in Microsoft Excel table. Popgene version 1.32 
(yeh et al., 1997) was used to estimate number of polymorphic bands, 
percentage of polymorphic bands, Nei’s (1972) gene diversity (h) and 
Shannon’s Information Index (I) (lewoNTiN, 1972) for dominant 
marker data or all loci and also for each population separately. Genetic 
relationship among genotypes was studied by UPGMA (Unweighted 
Pair Group Method with Arithmetic averages) cluster analysis and 




According to MANOVA Tests of between-subjects effects, there have 
been significant differences detected in the case of each of the four 
leaf morphological characters: F. thickness(8;363)=13.77 (p<0.001); 
F. lenght leaf(8;363)=18.17 (p<0.001); F. length petiole(8;363)=15.03 
(p<0.001); F. ratio blade petiole(8;363)=9.84 (p<0.001). The results are 
summarized in Tab. 3.
The thickness of blades of the investigated accessions ranged from 
0.31 mm to 0.49 mm. The Games-Howell test distinguished 4 sub-
sets at p = 0.05 significance level. Accessions from “Csór” and 
“Norwegen” have the smallest thickness of leaf while “Belgien” was 
characterised by the thickest leaves. The length of leaf and the length 
of petiole seem to be in tight connection, as highest values for both 
of them were found in accessions “Hungarian” and “Leipzig” 
while the length of leaf and petiole were shortest in the accession 
“Norwegen”. The marginal values for the leaf length were 209 mm 
(“Leipzig”) and 124 mm (“Norwegen”). 
The ratio between blade and petiole was influenced by the origin, too. 
It varied from 0.76 (“Spanish”) to 1.12 (“Belgien”). These accessions 
proved to be significantly different from all the other ones and also 
from each other. For these values, the investigated four accessions of 
Hungarian origin revealed similar ratios between 0.8-0.9. 
Concerning the evaluated leaf morphological traits, it was established 
that the Norwegian population can be considered as the most 
homogenous one (CV%: 10.6-20.1) while the greatest variability was 
shown by the accession “Belgien” (CV%: 18.4-45.3).
The four Hungarian accessions had taller plants than all the acces-
sions of other origin except the accession “English” (Tab. 4.). In the 
whole population, genotype “Pákozd” exhibited the highest growth 
(46.2 cm) and genotype “Norwegen” had the shortest shoots (18.7 
cm). This latter accession was determined as the most homogenous 
one (CV%=11%). On the other side, the largest variability was de-
tected in population “English” (CV%=31.17%).
Similarly to the discussed other characteristics, plant width brought 
about considerable differences among accessions (Tab. 4). “English” 
and “Pákozd” were the biggest with largest values for plant width 
(59.4-64.9 cm) while “Norwegen” was separated from all the others 
presenting the smallest bushes (29.9 cm). It should be mentioned, 
that the thinnest leaf blade and smallest leaves were also detected in 
this latter one.
Tab. 3:  Leaf characteristics of nine wormwood accessions
 Accession Thickness of blade (mm) Length of leaf (mm) Length of petiole (mm) Ratio of blade/petiole
  Mean St. dev. Mean St. dev. Mean St. dev. Mean St. dev.
 Belgien 0.49d 0.089 167b,c,d 50.5 83b,c 37.8 1.12e 0.306
 Csór 0.31a 0.075 181c,d,e 32.1 97c,d 21.9 0.89b,c 0.164
 English 0.37a,b 0.098 185d,e 42.9 100c,d 33.1 0.91a,b,c,d 0.278
 Hungarian 0.40b 0.095 206e 55.2 115d 35.3 0.81a,b 0.218
 Leipzig 0.42b,c 0.075 209e 56.2 111d 33.2 0.91b,c,d 0.181
 Norwegen 0.32a 0.056 124a 13.0 61a 8.6 1.03d,e 0.207
 Pákozd 0.37a,b 0.161 148b 42.0 78b 27.4 0.93b,c,d 0.220
 Spanish 0.47c,d 0.097 155b 36.5 90b,c 24.8 0.76a 0.172
 Wild Soroksár 0.41b,c,d 0.131 151b 34.7 79b 21.3 0.94b,c,d 0.195
 Mean 0.39  170  91  0.92 
Different letters at column represent statistical significant difference between accessions according to Games-Howell test at p=0,05
Tab. 4:  Height and width of different wormwood accessions
 Accession Height (cm) Width (cm)
  Mean St. dev. Mean St. dev.
 Belgien 41.1b,c 9.11 42.9b,c 10.16
 Csor 42.0b,c 9.16 54.0b,c,d 11.08
 English 47.5c 14.80 59.4c,d 11.78
 Hungarian 40.2b,c 9.37 50.3b,c,d 4.55
 Leipzig 40.8b,c 13.46 50.8b,c,d 9.85
 Norwegen 18.7a 2.06 29.9a 4.25
 Pakozd 46.2c 8.84 64.9d 16.74
 Spanish 32.7b 7.53 47.4b,c,d 5.72
 Wild Soroksar 42.7b,c 12.60 56.3d 8.25
 Mean 39.1  50.7 
Different letters at column represent statistical significant difference between 
accessions according to Games-Howell test at p=0,05
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Characteristics of the essential oil 
Essential oil yield
The essential oil yield of the investigated accessions was 1.107 ml/ 
100 g as a mean, however, it varied on a large scale: between 
0.349 ml/100 g (“Wild Soroksár”) and 3.215 ml/100 g (“Spanish”). 
According to ANOVA test of between-subjects effects for this 
trait, significant differences could be detected among accessions: 
F(8;81)=58.707 (p<0.001). The Tukey test provided 3 subsets at 
p=0.05 significance level (Tab. 5). Based on this, all accessions from 
Hungary together with “English” and “Leipzig” are statistically equal, 
practically below 1%. Among them, highest mean value was reached 
by “Leipzig” and lowest level by “Wild Soroksár”. In general, these 
values correspond to former data of orav and co-workers (2006) 
who obtained 0.1-1.1% essential oil from plant material coming from 
different European regions or to the reference of basTa et al. (2007) 
about Greek wild plants (0.31%).
Relatively high concentrations of 1.569 ml/100 g and 1.892 ml/ 
100 g were determined from accessions “Norwegen” and “Belgien”, 
respectively. These results are similar to the findings of Msaada and 
co-workers (2015) in Tunisia who described an essential oil content 
of 1.1-1.46% in wild growing plants. Also plant material from Cuba 
produced similar yield (1.25%), (PiNo et al., 1997). The “Spanish” 
accession in our study presented an exceptionally high level of 
volatile compounds which is significantly different from each of the 
other ones (3.215 ml/100 g). This high level could hardly be found 
in the literature.
The “Spanish” accession was the most homogenous one in term 
of essential oil yield (CV%=12%) while the largest variability 
was determined in the population “Leipzig” from Germany 
(CV%=64.4%).
Our results ascertain that the yield of essential oil of wormwood 
may differ considerably depending on the investigated plant material 
(NGuyeN and NéMeTh, 2016). At the same time, it can be concluded 
that the differences are based on genetic variability instead of being 
the result of diverse ecological conditions as they have manifested 
themselves in the same environment at our experimental site.
Thujone content
Both isomeric forms of thujone, α- and β-thujone were determined 
and quantified in all studied wormwood oils (Tab. 6). There are well 
established differences among the oils. Three accessions (“Leipzig”, 
“Belgien” and “Norwegen”) have high amounts of thujonesin the 
oil while in the case of all other accessions thujones were absent 
or present only in trace amounts (below than 1%). Thujone content 
has been shown the variable distribution within individuals of these 
accessions (Fig. 2). The highest proportions (up to 91.55%) were 
found in an individual of “Belgien”. It seems to be a unique chemical 
character which may be detected only by individual sampling like in 
our study.
Tab. 5: Essential oil yield (ml/100 g DM) of dried leaves of the studied 
Artemisia absinthium accessions grouped according to the Tukey test
   N  Subset
   1 2 3
 Wild Soroksar 10 0.3490  
 Hungarian 10 0.3620  
 Csor 10 0.5210  
 Pakozd 10 0.5530  
 English 10 0.6750  
 Leipzig 10 0.8320  
 Norwegen 10  1.5690 
 Belgien 10  1.8920 
 Spanish 10   3.2150
 Sig.  .152 .662 1.000
Means for groups in homogeneous subsets are displayed. The error term is: 
Mean Square(Error) = 0.156.
a. Uses Harmonic Mean Sample Size = 10.000. b. Alpha = 0.05
Wormwood
accessions
Tab. 6:  Thujone contents of the studied A. absinthiumaccessions (GC area %)
 Accession  α-thujone   β-thujone
  Min. Max. St.dev. Min. Max. St.dev.
 Belgien 0.00 51.68 33.24 0.00 89.89 30.09
 Csor 0.00 0.27 0.18 0.00 0.30 0.12
 English 0.00 0.25 0.63 0.00 1.92 0.63
 Hungarian 0.00 0.27 0.10 0.00 0.70 0.24
 Leipzig 0.00 0.75 0.72 0.00 84.44 32.51
 Norwegen 0.00 24.83 10.60 0.00 26.77 9.72
 Pakozd 0.00 0.12 0.04 0.00 0.19 0.08
 Spanish 0.00 0.00 0.00 0.00 0.06 0.02
 Wild Soroksar 0.00 0.13 0.05 0.00 2.12 0.67
 Mean 0.00 3.33  0.00 14.56 
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Fig. 2:  Distribution of individual values in the thujon containing accessions 
(GC area %)
Among the thujone chemotypes, in the oils of accessions “Leipzig” 
and “Belgien” β-thujone content was much higher than that of the a 
isomer. In these spectra β-thujone varied from 50% to 89% of total oil 
while α-thujone was observed in less than 2% of total area percentage 
of the investigated oils. The majority of the references on wormwood 
indicate similar tendency. Blagojević et al. (2006) investigated 
Serbian natural populations and brought about 63.4% concentration 
for β-thujone with 0.4% for α-thujone.
“Belgien” accession has balanced percentages of both forms of 
thujone which may be compared to the data of rezaeiNodehi and 
khaNGholi (2008) on wild collected Iranian wormwood: 18.6% and 
23.8%, for α- and β-thujones, respectively. The remaining genotypes 
of our study (all accessions from Hungary, “English” and “Spanish”), 
however, can be declared as “thujonless” ones because thujones could 
not be demonstrated among the main components of their oils. Several 
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authors reported oil composition without or with trace amounts of 
thujones. These samples included raw material from different regions 
of the world, e.g. Estonia (orav et al., 2006), France (carNaT et al., 
1992), Cuba (PiNo et al., 1997), etc. 
Molecular aspect 
Using 11 RAPD primers, we detected 122 bands which means 
11 bands per primer on  average. The bands were in the range of 
250-1500 bp. The primer B10 gave the highest number of bands 
(16 bands) while the primer OP-A20 gave the lowest number of bands 
(6 bands). Tab. 2 shows the number and the size of DNA fragments 
produced by each of the RAPD and ISSR primers.
A total of 196 scorable bands were generated from 15 ISSR primers. 
The average number of amplified bands per primer was 13. The Primer 
ISSR5 and Cag5 composed of trinucleotide repetitions produced as 
many as 17 bands while primer ISSR7 amplified the lowest number 
of bands (7 ones). The size of the bands amplified by the ISSR 
primers ranged from 120 bp (by primer ISSR5) to 1500 bp (by ISSR1, 
ISSR4 and ISSR7) (Tab. 2). The proportions of polymorphic bands 
among wormwood accessions were high, with 81.15% for RAPD and 
73.10% for ISSR. 
When comparing 15 samples of three Artemisia species (A. vulgaris, 
A. absinthium, A. roxburghiana), the proportion of polymorphic 
bands was 68% (Nazar and MahMood, 2011). saNGwaN et al. 
(1999) indicated 63.6% polymorphism for RAPD primers during the 
investigations on 8 plants of Artemisia annua L. in India. However, 
these and related studies are hardly comparable to the present one 
as they evaluated interspecific variability or intraspecific diversity of 
other Artemisia species.
The largest genetic distance coefficients were determined for 
accessions “Belgien” and  “Spanish” (>0.4 value detected in 4 cases 
out of 8), (Tab. 7). Nei’s genetic distances among the accessions 
from Hungary are relatively low, between 0.26 and 0.34. The closest 
similarity was observed between samples collected from wild 
growing regions in Hungary: “Pákozd” and “Wild Soroksar” (0.26) 
while the greatest dissimilarity was observed between the accessions 
“Belgien” and “Csór” (0.47).
Based on the genetic distance matrix of the 9 accessions, the 
UPGMA dendogram demonstrates the grouping of the investigated 
accessions in three main clusters (Fig. 3). “Spanish” accession seems 
to form alone a distinct group (group 1), accessions “Norwegen” 
and “Belgien” were classified into Group 2 while all the Hungarian 
accessions were located in the same Group 3 with two further 
accessions, one from market in England and the other from German 
seed bank exchange (“Leipzig”).
Conclusions
Our results show that the data obtained by different methods such 
as morphological, chemical and molecular analysis may effectively 
demonstrate the wide intraspecific variability of wormwood. At 
the same growing habitat, under the conditions of our experiment, 
characteristic differences in growth, width of the bushes, size and 
form of the leaves were registered. Besides the actual mean values, 
the internal homogeneity of the studied accessions proved to be 
different. The coefficient of variation for the morphological traits 
ranged from 10,6% till 45.3% and was the highest in the case of the 
length of petiole. Differences in leaf shape of the same individual 
contribute to the heterogeneity of populations and present additional 
difficulties in evaluation. 
It could be established that the accession “Norwegen” presented the 
smallest bushes, thinnest leaf blade and smallest leaves. However, 
on the other side “English” demonstrated the highest growth, 
“Spanish” developed the thickest leaves while accessions “Leipzig” 
and “Hungarian” provided the largest leaves. Thus, unfortunately, a 
well established connection among these morphological traits can be 
excluded.
The yield of the EO demonstrated similarly large differences among 
genotypes, it was determined between 0.349 and 3.215 ml/100 g. 
Besides, intra-accession differences were also considerable, even 
higher than in the case of the morphological traits: CV for EO yield 
ranged between 18.4% and 64.4%. The three groups representing 
significantly different levels of this yield do not seem to be in any 
Tab. 7:  Genetic distance matrix of the investigated wormwood accessions based on RAPD and ISSR data
 Accession Csór Wild Sorok. Pákozd Hungarian English Norwegen Belgien Leipzig Spanish
 Csór 1                
 Wild Soroksár 0.30 1              
 Pákozd 0.34 0.26 1            
 Hungarian 0.32 0.35 0.3 1          
 English 0.33 0.27 0.34 0.27 1        
 Norwegen 0.30 0.28 0.35 0.33 0.29 1      
 Belgien 0.47 0.40 0.37 0.31 0.44 0.42 1    
 Leipzig 0.43 0.34 0.34 0.34 0.39 0.35 0.38 1  
 Spanish 0.44 0.39 0.37 0.46 0.40 0.40 0.43 0.38 1
Fig. 3:  Dendrogram showing the relationship among the studied A. ab-
sinthium accessions (Generated by combination of RAPD and ISSR 
primers using UPGMA method)
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connection with the origin of the accession. The genotypes showing 
significantly similar values such as “Norwegen” and “Belgien” 
are both genebank accessions of presumably wild origin, thus they 
have no obvious relationship with each other. In the largest group of 
relatively low EO yield can be found all the Hungarian wild growing 
populations. However, they are grouped together with geographical-
ly very distinct origins such as the English and the German one. 
Unfortunately, the former accession has been obtained from a market 
item, thus may not represent a natural habitat. Further systematic 
study would be necessary to establish any tendency for the yield of 
EO in connection with geographical directions.  
Especially interesting is the variation concerning thujone content of 
the EO. Our results demonstrate that thujone is not necessarily the 
main compound of the essential oil of wormwood as it is frequently 
interpreted by lacheNMeier et al. (2006). Among the 9 investigated 
accessions only three accumulated considerable concentrations of 
thujones in their essential oil. The variability for thujone content 
exceeded both that of the morphological traits and that of the 
accumulation level of volatile compounds: e.g. in accession “Belgien” 
no individuals were found without thujones while in accession 
“Leipzig” the individual deviations ranged from 0.0% to 86.2%. As 
for the isomers, β-thujone proved to be the major one, in some cases 
α-thujone reached comparable percentages, however, no sample was 
found where this latter one would have been the only isomer. Based 
on the accumulation level of thujone and its two isomers, it seems 
to be relevant defining the following chemotaxonomic groups of the 
species: 
• high content of β-thujone (above 50%) + low content of α- 
thujone (below 10%), 
• medium content of β-thujone (from 10 to 50%) + medium content 
of α-thujone (from 10 to 50%),
• low content of β-thujone (below 10%) + low content of α- thujone 
(below 10%).
As the minimum values depend to some extent on the sensitivity 
of the equipment and investigation parameters, it does not seem 
reasonable to identify an absolute zero variant in this respect. 
Based on the study, it may be concluded that large variability 
of morphological traits such as growth and leaf shape cannot be 
necessarily connected to the essential oil accumulation potential 
of the accessions. Similarly, no characteristic marker trait has been 
found for essential oil composition and chemotype although it would 
be an advantageous phenomenon for breeding and cultivation. At 
the same time, the grouping of the accessions based on the EO yield 
coincides with the groups based on the applied RAPD and ISSR 
molecular markers.
Acknowledgement
The work was supported by the Stipendium Hungaricum Scolarship. 
Special thanks for prof. Antonio Llorens-Molina (Valencia) for 
providing us the Spanish accession.
Conflict of interest
The authors declare that they have no conflict of interest.
References
adaMs, r.P. PhD., 2007: Identification of Essential Oil Components By Gas 
Chromatography/Mass Spectrometry, 4th Edition. Carol Stream, Ill: Al-
lured Pub Corp.
ariño, a., arberas, i., reNobales, G., arriaGa, s., doMiNGuez, J.B., 
1999c: Essential Oil of Artemisia absinthium L. from the Spanish Pyrenees. 
J. Essent. Oil Res. 11, 182-184. DOI: 10.1080/10412905.1999.9701105
Basta, a., tzakou, o., Couladis, M., Pavlović, M., 2007: Chemical Com-
position of Artemisia absinthium L. from Greece. J. Essent. Oil Res. 19, 
316-318. DOI: 10.1080/10412905.2007.9699291
Blagojević, P., Radulović, N., Palić, R., stojaNović, G., 2006: Chemical 
Composition of the Essential Oils of Serbian Wild-Growing Artemisia 
absinthium and Artemisia vulgaris. J. Agr. Food. Chem. 54, 4780-4789. 
 DOI: 10.1021/jf060123o
carNaT, a.-P., Madesclaire, M., chaviGNoN, o., laMaisoN, J.-L., 1992: 
cis-Chrysanthenol, A Main Component in Essential Oil of Artemisia ab-
sinthium L. Growing in Auvergne (Massif Central), France. J. Essent. Oil 
Res. 4, 487-490. DOI: 10.1080/10412905.1992.9698115
dewolf, G.P., 1968: Notes on making an herbarium. Arnoldia 28, 69-111.
EMA-HMPC, 2009: Community Herbal Monograph on Artemisia absinthium 
L., Herba. Committee on Herbal Medicinal Products, European Medi-
cines Agency.
EU Council Directive, 1988: Council Directive 88/388/EEC of 22 June 1988 
on the approximation of the laws of the Member States relating to flavou-
rings for use in foodstuffs and to source materials for their production. 
O.J.L. 184, 61-66.
Goud, b.J., swaMy, B.C., 2015: A review on history, controversy, traditional 
use, ethnobotany, phytochemistry and pharmacology of Artemisia absin-
thium Linn. Int. J. Adv. Res. Eng. Appl. Sci. (Amritsar) 4, 77-107.
haGhiGhi, a.r., belduz, a.o., vahed, M.M., coskuNcelebi, k., TerzioG-
lu, S., 2014: Taxanomy of Artemisia (Asteraceae). Retrieved from http://
www.agricultforest.ac.me/data/20140628-10%20Haghighi%20et%20al.
pdf
haMMer, P., ØyviNd, harPer, da.T., ryaN, P.D., 2001: Past: Paleontologi-
cal statistics software package for education and data analysis. Retrieved 
from http://citeseerx.ist.psu.edu/viewdoc/citations;jsessionid=F7F97BD
571DFF2168BBCD426E9ED1B4D?doi=10.1.1.459.1289
JuTeau, f., Jerkovic, i., MasoTTi, v., Milos, M., MasTelic, J., bessière, 
J.-M., viaNo, J., 2003: Composition and Antimicrobial Activity of the 
Essential Oil of Artemisia absinthium from Croatia and France. Planta. 
Med. 69, 158-161. DOI: 10.1055/s-2003-37714
lacheNMeier, d.w., eMMerT, J., kuballa, T., sarTor, G., 2006: Thu- 
jone – Cause of absinthism? Forensic. Sci. Int. 158, 1-8. 
 DOI: 10.1016/j.forsciint.2005.04.010
lewoNTiN, R.C., 1972: The Apportionment of Human Diversity. In: Dob-
zhansky, T., Hecht, M.K., Steere, W.C. (eds.), Evol. Biol., 381-398. 
Springer US. DOI: 10.1007/978-1-4684-9063-3_14
Maw, M.G., ThoMas, a.G., sTaheviTch, A., 1985: The biology of Canadian 
weeds: 66. Artemisia absinthium L., Can. J. Plant. Sci. 65, 389-400.
MehroTra, s., MehroTra, b.N., aswal, b.s., sharMa, H.P., 1990: Leaf 
Surface Studies of Some Medicinal Artemisias. Int. J. Crude Drug Res. 
28, 103-119. DOI: 10.3109/13880209009082789
Meschler, J.P., howleTT, A.C., 1999: Thujone exhibits low affinity for 
cannabinoid receptors but fails to evoke cannabimimetic responses. 
Pharmacol. Biochem. Be, 62, 473-480.
MohaMMadi, a., saNi, Ta., aMeri, a., iMaNi, M., GolMakaNi, e., kaMali, 
H., 2015: Seasonal variation in the chemical composition, antioxidant ac-
tivity, and total phenolic content of Artemisia absinthium essential oils. 
Pharmacognosy. Res. 7, 329. DOI: 10.4103/0974-8490.158441
Msaada, k., saleM, N., bachrouch, o., bousselMi, s., TaMMar, s., al-
faify, a., Marzouk, B., 2015: Chemical Composition and Antioxidant 
and Antimicrobial Activities of Wormwood (Artemisia absinthium L.) 
Essential Oils and Phenolics. J. Chem. 2015, e804658. 
 DOI: 10.1155/2015/804658, 10.1155/2015/804658
Nazar, N., MahMood, T., 2011: Morphological and molecular characteri-
zation of selected Artemisia species from Rawalakot, Azad Jammu and 
Kashmir. Acta Physiol. Plant. 33, 625-633. 
 DOI: 10.1007/s11738-010-0545-3
Nei, M.,1972: Genetic Distance between Populations. Am. Nat. 106, 283-292.
NGuyeN, h.T., NéMeTh, Z.É., 2016: Sources of variability of wormwood 
(Artemisia absinthium L.) essential oil. J. Appl. Res. Med. Aromat. Plants. 
DOI: 10.1016/j.jarmap.2016.07.005
Nin, S., Arfaioli, P., Bosetto, M., 1995: Quantitative Determination of Some 
Essential Oil Components of Selected Artemisia absinthium Plants. J. 
Essent. Oil Res. 7, 271-277. DOI: 10.1080/10412905.1995.9698518
Noorbakhsh, N., GhahreMaN, a., TaTar, f., MahdiGholi, K., 2008: Leaf 
anatomy of Artemisia (Asteraceae) in Iran and its taxonomic implications. 
Iran. J. Bot. 14, 54-69.
orav, a., raal, a., arak, e., MuurisePP, M., kailas, T., 2006: Composi-
tion of the essential oil of Artemisia absinthium L. of different geographi-
 Characterisation of wormwood accessions 245
cal origin. Proc. Estonian. Acad. Sci. 55, 155. 
PiNo, J.a., rosado, a., fueNTes, V., 1997: Chemical Composition of the 
Essential Oil of Artemisia absinthium L. from Cuba. J. Essent. Oil Res. 9, 
87-89. DOI: 10.1080/10412905.1997.9700720
rezaeiNodehi, a., khaNGholi, S., 2008: Chemical Composition of the 
Essential Oil of Artemisia absinthium Growing Wild in Iran. Pak. J. Biol. 
Sci. 11, 946-949. DOI: 10.3923/pjbs.2008.946.949
saNGwaN, r.s., saNGwaN, N.s., JaiN, d.c., kuMar, s., raNade, S.A., 
1999: RAPD profile based genetic characterization of chemotypic vari-
ants of Artemisia annua L. IUBMB Life, 47, 935-944.
vaN deN dool, h., dec. kraTz, P., 1963: A generalization of the retention 
index system including linear temperature programmed gas-liquid parti-
tion chromatography. J. Chromatogr. A, 11, 463-471. 
 DOI: 10.1016/S0021-9673(01)80947-X
yeh, f.c., yaNG, r.-c., boyle, T., ye, z.-h., Mao, J.X., 1997: POPGENE: 
the user-friendly shareware for population genetic analysis. Molecular 
Biology and Biotechnology Centre. 
Address of the authors:  
Dr. Éva Németh-Zámbori, Department of Medicinal and Aromatic Plants, 
Szent István University, 1518 Budapest, P.O. Box 53, Hungary  
e-mail: zamborine.nemeth.eva@kertk.szie.hu  
Huong Nguyen Thi, SzilviaTavaszi-Sárosi, Péter Radácsi, Katalin Inotai, 
Department of Medicinal and Aromatic Plants, Szent István University of 
Budapest, H-1118 Budapest, Villányi Str. 29-35., Hungary
Márta Ladányi, Department of Biometrics and Agricultural Informatics, Szent 
István University,  H-1118 Budapest, Villányi Str. 29-35., Hungary  
ladanyi.marta@kertk.szie.hu
© The Author(s) 2017.
                                 This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Share-Alike License (http://creative-
commons.org/licenses/by-sa/4.0/).
